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LNTROLUCTION 


The fact that detonation, or knocking, in en internal 
combustion engine is a function of many related anc un- 
releted variables has caused consicersble difficuity in the 
field of detonation resverch and engine Cesign. To dute, 
the practice has been to study the effeet of these vari- 
ables one at a time, endeavoring to hold all other vari-~ 
ables constant. The purpose of this investigation is to 
hold all variables constant except the valve overlap ané 
to thereby determine the detonation-ljimited characteristics 
of this variable alone. 

Four different oam shafts, exch with a different vaive 
overlap, have been used in the inveetigation. The timing 
Giagrems for these shafts sre shown in Figure 1. In addi- 
tion, the complete experiment hes been conducted using two 
different types of fuel: (a) 80 cetane automotive, and (b) 


di-iso-butylene. 
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A serica of teste have beer conducted on a C.?.A. 
engine with canshafta whose valve overlap varied from 
6° to 120°. in all cases the engine was operated at 
detonation limited inlet pressure. The teate were per- 
formeé using two fuele: (a) @0-cetane, and (b} di-isaeo- 
butylene. 

The primury ebject of the tests wae te cetermine the 
effect of varying velve cveriaps on the Cetonation limited 
performance of the engine, ané seomidarily, te investicate 
the qualitative effeet of residual gas on the fuel schuerao- 
teristios, 

In the case of 80-cctane, it was found that large 
overlaps pernit the engine te develop greater power ot 
high speed and thet realgdual gas ects ar ap inhibitor. 

In the couse of di-iso-butylene, it wee fount that 
higher overlaps perait, the development of higher power 
when running at low speeds and thet overlap hes relatively 
littie effect on the power eutput at Bigh speed. AL the 
higher speedo the engine detonated «ft lower oritios) pres- 
sure,ae previously diacovered by other investieators, bet 
nO conclusion ean be drawn aa to the effect of residual 
gos on thie reverse] sinee, in these tests, this veriable 
could not be isolated. 
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Ta no Gese were idling diffiscultics enevuntered. 
However, 6t least one provious investigator” hes found 
evidence that although a single cylisder engine wiil 
idle with high overlep tieing, a multi-ocylinéer engine 
with sindlar timing will not. Aithouch this phentzencn 
wae not investigated ta thie experizent, it is believed 
to be due to intake and exhaust systex dynanio effecta. 


. Young, fe We, Rehsehe, buaP KR, (Mov. 1941). 





DASCHIVPTION OF APPARATUS 





ENGINE 

& Bingle cylinder, C.F.K., high speed, water-cooled 
engine heving a 3.25-ineh bore anc a 4.50-iuch stroke, wes 
used st » compression ratio of 7 to 1. The engine wae 
Girectly connected to an electric céynumometer which was en- 
ployed both as a sturter end power absorber for the engine, 
as well as a motor to turn the engine over while measuring 
friction torque. A shrouded inteke velve wes used to en- 
hance distribution and mixing of the fresh charge in the 
cylinder and an Auto Lite B-5 spark plug wae used to aiti- 


gate any tendencies toward pre-ignition. 


YUBL SYSTEM 
The fuel system is shown achematiesliy in Figure 2. 
The fuel was taken from the fuel tank through s small 
electrically driven pump to a bubble separator and surge 


tank. Gompressed sir was pumped into the bubble separater 





and the rressure was held constant set 30 psi. This air 
acted as & “Cushion” for the system. From the bubble sep- 
arator the fuel was pansved through one of two Prisher ané 
Porter rotometors whick hed been eailbrated by the authors 
prior to the experiment, as shown by Figure 3. From the 
rotoneters the fuel flowed ¢ireotly into the vaporizing tenk. 


ATR S¥OTEM 
The air system i shown schematically in Fieure 2. 
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Supercheargeé air was tapped directly from the laboratory 
main. It wes then taken through two pressure regulators 
and metered through one of two flat plate orifices with 
flange taps. The smaller of the two orifices was .515 
inches in diameter anc the isyrger was .725 inches in di- 
emeter. Soth orifices were oonstructeé aceording to AME 
specifications and inserted in 2-inech pipes. After being 
metered, the alr passed through double surge tanks into the 
vaporizing tank. 


VAPORTZIMG TANK 

Air anc licuid fuel were introduced into the vaporizing 
tank separately. The fuel wes here veporised and mixed with 
the air. The mixture wir held et a constent temperature of 
1,0°F. ‘This temperature wan controlled by the clreulation 
of steam through heating coils within the tank. From the tank 
the fresh mixture passed through the throttle vaive and into 
the engine. 


O1L GYATEM ANP CATER JACKE? OYE 
The jecket water temperature was held constent st 212°y. 
and wes eontrolied by clrenlating water through 4 cooler 
between the condenser and the jacket. The oll] temperature 
was hela constant at 1h0°r. by means of circulating stema or 


eooling water through the two heat exchengers. 


MRASURERG IBSTRUMENTS 
The engine power output was absorbed by a Star eleotric 
dynenometer anc the brake torque was balanced by a hydraulic 
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piston attached through a iever arm to the dynamometer cas- 
ing. The c1l pressure on the hydraulic syatem was measured 
in inches of mereury in en open end menometer. The hyéraulic 
aystem was designed so that one inch of mereury war the 
ejuivalLent of a one-pound force eoting on the hydraulle 
piston. The reading of the dynamometer seule in inches of 
mereury was converted to pounds per square ineh, brake mean 
effective pressure. The eleotric power output from the 
dynamoneter was dissipated through a grid at low outputs and 
at higher outputs the power was pumped into 110-velt or 
220-volt mains, depending upon the megnitude of the vnower 
generated. | 

Retonetion wan measured qualitativeiy by employing a 
detonetion piekup in conjunction with & cathode ray oselllo- 
scope. The piekup, a Praper flet dlephregm type with a net~ 
ural frequency of chout 95,000 oycles, was inserted in the 
cylinder head. The cutput from this pickup wes analyzed and 
projected on the screen of the cscililoscepe us a surve of 
' velative rate of change of cylinder preseure vs time. “hen 
eoncitions of insipient detonation were reached, the curve 
displayed a definite break or "pip”. The aperator observing 
the "pip" aise contrelied the threttle. 

Mine speed was roughly measured oy using a tachometer, 
and for finer apeed adjustment a strohbotec was employed. 
Speed wis controlied by a drop wire resistance in the shunt 


field of the dynamomater, 
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The following table indicates the operating conditions 
which were held sonstant throughout the entire experinent: 


Gompression ratio 7.0 
Fuel-Air ratio 0.08 
Spark advance 12° ».%.¢. 
Gil temperature 140° FY. 
ater jacket temperature 212° F, 
Inlet mixture temperature 140° F. 


The following auantities were veried: 


Valve overlap 6° - 120° 
Nanifold pressure 20 ~- 80" Hg 
RPM 1000 - 3000 
Kxhaust pressure 30 - 6" Hg 


Each camshaft (with valve tinines as per Figure 1) was 
in turn inetelled in the engine and two tests were performed. 
Test no. 1 consisted of varying the R.Y.M. and running up 
the manifold pressure until insainplent ¢etonation was reached. 
Fest no. 2 consisted of operating the engine at constant 
R.P.M. (2000), steadily reducing the exhaust back pressure, 
ané then running up the manifold pressure until insipilent 
detonation was reached, Both of these tests were verformed 
using two fuels (&O0-octane and di-iso-butylene). 


Aa the insipient ¢etonation points were approached, 
adjustment of the fuel-alr ratio was obtained by computing 
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the mass of air flow by the orifice ecuution, entering the 
rotometer oalibration chart with the mass of fuel flow de- 
sireé to give a fuel-air ratio of .08, and adjurting the 
fuel flow until the rotometer showed the proper scale rend- 
ing. ‘The menifold pressure was then varied until insiplent 
detonation veeurred. The shove proceéure wes repeated until 


a "no change" condition was reached. 
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WUBBION (8 MOT Mie) 





Prom Fig. 6 it isa noved thet oe the resi¢uai ges ia 
“sucked” out of the cylinder due to deecreaning the back 
pressure, the cllowable Fj is6 progreatively Lowered in the 
onee of the 6° overlap coum, and it is therefore ar:purent 
that reeidual gas has en inhibiting effeot on detonetion. 

Wtill referring te Fig. 6, it miuht reaawnubly fellew 
that if thie ie true, the higher cverlaps shonid give even 
lesa Getonation limited °4. Meowever, fa the case of the 
higher overlaps, more fresh alxture Le coueumed per cycle, 
tending t6 eco] the engine parte. Thia tnereased cooling 
may overahedew the effect of retuced regiduul ges and thereby 
peradt higher sllowuble Ti's. 

Referring wo Fig. & it in noted that wt low apecd 
(100G Rimi), sigher cverlaps peruit higher allowable M's. 
it this speed the inlet pressure is always less than the 
exheuct pressure. Ulnce the mixtare consueption per eycle 
ip approazimateiy constant (at 1000 ES), aa seen by Fig. 3, 
aitfferesces in engine partes temperutare due to thia effeot 
are nugligivle. lFovever, two other effects influence the 
amount of residuel beek flow, (a) the oreesure eradient 
between I’'e and Fy, and (b} the overlap whieh changes the 
time aveilable for the mek flew to tale place. If it is 
asouned that residual gus acte as an inhibitor, it follows 
that at 1000 Ra the resicdaadi ges ecatent in progressively 
higner with greater overleps. Ags the engine speed is in- 
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ereeged, both the pressure grecdiant end the time eveileble 
for seaveaging ure reduced, and at 3000 [iw a2] overlaps 
show approximately the same cetonstion limited Tri'’s. 

Yig.w @ indicates that overlap has littie effeet an 
cetenution limited TP at low speet, but that overiap in- 
Greasee the ITP appreciably et 3006 RPM. It ia to be aoted 
thet at this speed the Li¢ghest overlap gives the waxiner 
power, buf thet a reduction in overlap of 50% reduces the 
power by caly 7%. 

At 2000 fF, Fig. 7 indieates that fer all everlupa 
greater then 60°, the wariation of INS with eltitude is 
negligible. If these rams hed been comfucted at a Lower 
speac, the overlep effect might have become wore prenounced 
due to greater time avalinble for surging, or beek flow, as 
the ease might be. 

Fig. @ indleates that low overlaps heve the better 
Wolusetric efficiencies at low speed, but that 4 reversal 
takes place auck that the high overlaps cive the better 
volumetric efficiencies «at bigh speed. This reversel is due 
to the feet that et lew apeed Pi is less than fe, whiie at 
high speed PL is grenter then Ie (Fig. 4). 














es » 


cation ab cs Nt ii 
ie Ce te we eres oes phe 
ee 

Gb MTs OA) etd SE OS Ooms é 
|) (errs Ge? te tate om a GA 
=e ee wee et ee ee error. 
ie er ee! ote mms) 6 ott Gop 
<“s tetcewe OM © pare «i oeleuewee © aear © 
ae ghee 

Syervv hie ee ik ethene ¢ ee pee 
A mand At OE) waite eee ode OO eed 
et ee ee ee ne hie 
ey ee Se Pate AUNT galore ede pe 
"ew te oe apc +82 bee emer seferee ae 
ome Ata 

OK wal Ce eyeli een oul tts code deny © 
herent fee fe een @) fe cada inl ye 
“en a Ok eee Gs ont Oar tans eeeeg 
oct as iereerer abet tee Qobe te eo deeebai > 
At atime 19 ot mmel mk we eens RO fe ou 18 
4{4 -0+ ' © Gee? oePere of 




















pm 4 





in the couse of Ci-lso-butylene, the Getermminetion of 
inaiploent cetonution was exoeedingly ucre ciffieult than 
in the epee of 8O-octune. During the early stages of oper- 
ation, the wulhors were somewhat Cecelved by what was ob- 
served on the veclllescope. When the inlet presuure wes 
inereaseé to the point where a disatinet “pip” was oheerved 
on the scope, it was aseumed that insiplent detonation was 
reuched Im that the pip reaembled that obtained when in-~ 
siplent datonation cesurred with 60~-oetane. However, it 
was later discevered that after the lultieal "pip" appeared, 
{ta intensity we unaltered by either radical changes in 
operk timing os large increusea of manifold preesure (in 
the orcer of segnitude of 12 to 18 inches of Mg). After 
this diecovery, the initial “pip” wus diverepgurded and in- 
nipient detonation wae only assumed Lo be present when an 
jneranse in manifold pressure noticeably increased the “*pip’s® 
magnitude. Thia fact neceshituted « re-run of the 6° overlap 
shaft on di~igo-butyiene for varying Ut'a and the re-run 
was perforaet at the ecnolusion of the cther runs. NSowever, 
the new dete was errlngly placed in table I end salen appears 
in figure 13 for the lew overlup. These four points should 
be Paieed by about 15" Mg. 

The running cf di-iso-batylene in eddition te S0-octene 
was undertaken to determine if the commonly cbserve® reversal 
of critical pressure~speed relations, xs ecompered with 80- 
cotane, would persist in the cave of lerge veriutionsa in 
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residual gus concentration. It wes susepectséd thet realduel 
gases aight exert either a eatalytic or an inhibiting ef- 
fect on the auto ignition of the last part of the charge to 
wirn. At the time of this investigation, the effeet of 
residual content on time reversal was being econcurreatly 
studied by Lieutenant Commander J. U. Richurés, et al, wnher 
earefully controlled experimental conditions uns {% wes ene 
thelpatedé that tiie two investigations would perhaps substan~ 
tiete each other through the viewpoint of aifferent experi-~- 
mental parameters. The work of Righarde, et a1, showed 
goueiusively that residual gas bas no appreciable effect 
either as a catalyst or us an inhibitor on the observed re- 
vyereal. Although the investigation presented herein also 
shows the reversal (¥ig. 10}, ao theory oan be propounded by 
ehis experiment in view of the fact that reeiduel goo effeots 
are negligible. ‘oan laberatories, w.xi.7., have shown the 
reversed to be due to a time effect (rapidity of cosprersion). 
Tt is believed by the authors that for gimiier {avesti- 
gations in the future, better revalts “ight be ohteined by 
{neressing the inlet temperature of the freeh «ixture «bore 
10°F ginee thie fuel is relatively insensitive to presmre- 
ap obnerved from Figs. ll end 12, the effect ef overlap 
en detonetion limited 71 ia negligible with a slignt tem@ency 
toward higher Pi's for higher overlap in the ose of #0-cetune 
and lower Pi's tor the Aigh overlaps with éi-Lseo-bubylese, 
The TEP Le progressivaly grenter fer bigher overleps at 
1000-1100 HRM, and et imereaning speeds the effect of overlap 
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becomes icas important since the IMAP is substantially 
constant (Fig. €). It is believed certein thet the 120° 
overlap point et 2100 Rru (Fig. &) Ls eonsiderably in er- 
rer and thet the XIMEP for this point sheuld be about 185, 
es shown by Fig. 7 at Pe w 30 amé HT = 2000. The error 
ia unonestionably due to « personnel oversight. Time 
peruitting, this shaft would be inserted in the angine and 
the polnt recomputed. 

Fig. 15 indieutes extensive blow through for the high 
Overlap cam et 1100 HH. 
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Yor maximum detonation limited IMP optimum valve 
everiap depends apon engine speed. 

Overlap haa little effect on detonation limited Ti 
at low speed, 

Higher overlaps give higher allowable Ill?'’s at high 
speed. 

Wo appreelable guin is cbhtuined in the Indicated 
output for overlaps sreater than 60°. 

At a speed of 2600 Hi the indicated cutput changes 
negligibly with Cecrenses in back pregsure for ail over- 
isps of 60° or greater. 

Residual gus haa en inhibiting effeet on the detona- 
tion tendenoies of this fuel. 

Xt has previously been established that resi¢ual gas 
acts «9 an inhibitor in the case of isc-ooteane fuel.” 


' Mobel wtie, 7.8. /699 (1940). 








Thie fuel, «s Compared with 80~-cetane, permits 
higher detonation limited inlet pressure and higher 
engine cutput under all eonditioags investigated. 

Tie fuel ie relutively insensitive to pressure. 

As the speea ig incressed, the sllomble fresh 
mixture eoneunption per cycle ie reduced, resulting 
in the peak pressure reversal observed by previous 
investigators. 

wo conclusion is drawn as to the effeet of residual 
gas on the detonation characteriatics cf this fuel. 

fhe high alleweble PL at low speetiea cxuses excessive 
“blow through” when using the 20° overlap can. 

Valve overlap has relatively little effect on deto- 
mation limited iniet preseurs. 

Greater overlaps permit the development of higher 
IH?'s at low speed, but ae the speed is increased, the 
in? is substantially constant for oil overlaps. 
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Brake loading "HE. 
Volumstric efficieney - 
Friction loading “fig. 
Fuel air ratio » 


Fuel conauaption 
Iniiloated mean effective preasure 


Enéileated horse power 
Indloanted eapecifie fuel consumption 





Air consunption 
Orifice in use * 
Pregsure eeross air orifice 
Pressure before air orifice (abs.) 
Exhaust manifold pressure (abs. ) 





Inlet manifole pressure fabs.) 


Rotometer in use * 
Kotometer reading “ 
Temp. before air orifice Oy 
Engine displacement volume {37.33 cu.in.) - 
Inlet mixture density 48 


ft3 





ELDATIONS 


For .515" orifice: 
Air consumption - .01625 sz! 
7 » & 466 


For .725" orifice: 


Alr consumption = .0365 ae aE, 


Fuel consumption =» (0.08) x Aly consamption 


Imep = (BL + FL) (4.245) 


TEP = (BL + FL) (EPH) 
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CAM NO. 1 CAM NO. 2 





io. 3° B.T.C. mc. 3° Ast.cC. 
—_— 1.0. 86°: :T.Cc. E.C. 30° &A.T.C. 
x i 
\ / 
\ / 
r 
| [ 
T.C. 60° a.B.Cc. E.0. 60° B.B.C. Lye. 60°,&.5.C. E.0. 60° B.B.C. 
CAM NO. 3 CAM NO. 4 
O 0 
7.0. 2 B.T.C. B.6. 45° MeTic. 
a ! io 1.0. 602 B.DyC. E.c. 6 &T.C. 





} 
I.C. 60° A.B.C. E.0. 60° B.B.C. I.C. 60° A.B.C. E.0. 60° B.B.C. 


CAMSHAFT TIMING DIAGRAMS 
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